106              EFFECTS OF EXPOSURE TO LOW LEVELS OF IONIZING RADIATION

values for all injuries accumulated during the 5-week postgonial period
(Gr86a).

Stem Cell (Gonial) Stage

In a strict genetic sense, most dominant lethals cannot persist in the
stem cell population. Although they are induced in these cells, most are
quickly eliminated at cell division because of lethal chromosome imbalance.
Balanced chromosome aberrations do persist, however, and are transmitted
through the series of mitotic divisions occurring in the proliferative phase of
gametogenesis. Balanced translocations induced in the stem cell segregate
chromosomally unbalanced gametes during the meiotic divisions. These
unbalanced gametes behave like the dominant lethals induced directly
in postgonial stages and their induction rates reflect the induction rates
for the translocations themselves. For example, a translocation-bearing
spermatocyte will produce the expected four spermatids, but on average,
two spermatids will carry unbalanced chromosome sets and act as lethal
mutations. One spermatid will be balanced and viable (the transmission of
the original aberration), and the other will be chromosomally normal and
viable.

Liming and Searle (Lu71) summarized the available data to about 1970,
in which the average rate for dominant lethals induced in spermatogonia
by high-dose-rate, low-LET radiation was about 9 x 10~5/gamete/R. More
recent data give values between 7 x 10~5 and 10 x 10~5/rad for both x rays
and gamma rays. A significant dose-rate effect has been seen for gamma
radiation; the rate drops to about 3 x 10~5/rad for weekly exposures to 1.4
x 10~5/rad for continuous, low-intensity gamma radiation exposure (Gr79,
Gr83). No dose-rate effect was seen for single versus weekly neutron
exposures in these studies. The fission neutron-induced rate is about 40 x
10~5/gamete/rad, which gives RBE values of 4 to 5 for single doses, 10 to
15 for weekly exposures, and 25 or greater for continuous irradiation.

The 1986 UNSCEAR report (UN86) summarized data originally taken
in the form of Utter size reductions at birth, at weaning, or both, which
is essentially a neonatal to postnatal measure of dominant lethals induced
in spermatogonia. The data are from Selby and Russell (Se85), Liming
(Lu72), and Searle and Papworth (UN86). The data from Searle were
from a study published in 1966 by Batchelor et al. (Ba66), and the analysis
by Selby used data collected by the Russells at the Oak Ridge National
Laboratory (ORNL), Oak Ridge, Tfenn., in the 1950s. The UNSCEAR
analysis made several adjustments to the findings to make them consistent
with regard to the response to low-dose rate and low-LET radiations. The
rates from the three sets of data were 11 x 10~6, 19 x 10~6, and 24 x
10~6/R or equivalent, which is not significantly different from the value of